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prisms were rotated 1730 aw.,ay from each other, spectra of very lowt dis-

persion were produced. An unf7iltered K(odak N' erailsion records inforira-

tiori from !70A to 3500 X. The dispersion all the blue er~d wras about

3000 I/ur.n and abbout 20,000 A/rn. at the red end.

After inspect-ion of' a hu~rber of' such low.. disperrsioi- plates taken

at hleji -Elactic latitudes, w-e concluded that a- larc-e percentagge of' the

galaxies on our plates fom.r-d sem-i-stCellar szpectra because of the cdon-ý

Centration of li~ht in their nuclei. Readers are ref'erri-d to the above-

mention-ed article for figures illustrating the effect of changinjg the

orientation of' the nrls-s arid typical spectra of stars and malaxies

obtained.

A 90-fdInute arrmnniat-d Kodak 614 -errulsion reachhed Falaxies to 15.7.

The -limitint raE~itude of' the galauxies listed in the Catalogues of' Ga-

laxies arid Clusters of' Galaxies (Zwicky. et al. 1961, 1963) is 16.0. Thus

If some sort of 'classif'ication schleme could be- devised for malaxies

that would sort them by color., according to the distribution o f' litht

within their spectra, t~hen colon-T.appitude diagrarnz could bee p~lotted ffor

galaxies In a cluster. Tob investigate this possibility, -w.e obtained plIates

of' the Virgo an-d Cora Clusters and clla:.sfied all tI.e4 _alaxies to the

limitinkg iramitude o~4he plat-es ar. d.niins to a -,.-ethod which -Wil11be

described next. A prelirlrdrnary report. on this projectt ...as given by ?:--ilUp

:(1968) I0 CO PY.

Counosit-e Color TInd-ex

Sinoe o-:iE s dealint- wtth c o snte s -n,ec in the case of'glai,

on is nc .ustif~led in, classlfVyInz the low dis-Cerslon snect-ra wihsta-dard
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#teflar Spectra- lavi~nc the sa're dispersion. '.T.e have defined a cormosite

661zo index mhich- -reasures the centroid of the distribution or' density in

-the ob-serviel spect-run. Thefe i saa vualy estlimeted to be comosed

of tursez -sbounde by the appro:dratte lw~vleler.2ý1hs of' D.3500,7x 4~300,9

a5O000,k.w 5900., annd'. 9000. Trhe classifier esttimtes In arbitrary units

the relative densit of' each of' th~e four sections and ccnmutes a comoslt'e

Index T I Y' Z3 52 43O300-5,000) + 3X(Q50C0 -5 s0) +6090d

-35oo~!3o + 410- -0 80 +OZ80 qO
54wc,0 0 +00-580 -5 inexof 10

Indicattes t~het all the inforat ion is in the firtt, blue quarter of' t~he

ipect~ram 'sýn index o'-1 .1.00 indicates th_=-tl the inor~atlon -is in the

forh e ~ati of the- speatvm~n. T-he va!orilty o f'-t th e mayaxies- in th

Coaad'7frcp Clus~te haz% ~ csna 3.2, -equivalent -to a a -tye

-0iaa. Irct m.-a- -nie erp

-She -Cr~ossed-?ýr-isr.----&,ec~tru'u"!*

Cc~arsc wthOter -ethd orf6 Coo l~s

SA t~t -of this classif-lcation sc.hem- ca b ade b~y cc--rinrg the

W~:iices- ottalned, -ftrv~ the- cr Osseal-nmI SM; crawt the rphotm-el- of

ltvft' _(1C96) oil maaxises in, the Vir.- Ciluster. ¶if'ft jphotaretere a-
, laiesus~d~ahras o fie dff'rert szes-whch'an -in diar ter

ffro-10- to 64seco.-,Is or ard.- Fds 1-3 -color cor ses.'cnds t14o-the U-3 color

of' tlhe WEV syTe MEkhteen -of' the malax.ies 1"n the XTirf Clusbter -that.

izj'ffft ehotomtere az~eared mn 6,r p'_ te.T Fiure IL -' _nresentez

TiI'Afts ( -)colors ýloQotecl a;-Ir' '-our color index for these _val"'des.

-The! upz~er r, anh -~xS the ;Z..at'icn frex the a~4 la .. 'errah

the r emlotn for--thte 10"' di ;7:;1- The standazd dev.1ation. of' the rcints

In taunnsr 0- " nofte %V n rt-a:~

+ A*7*
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Thus one-may conclude that- our spectral indexc does correlate writh the

pht-lectric colors of Fsalemies. 11h1e correl.at ion is best mith the cclors

=-obtained for the nuclear -'egions- w-hiich domiinate in forrdncr the low- disper-

stonv spectra.

'The-cross-d prism mrethod has advmx'tages over m'wticblor plhoto,5aphdcA

p phtometrj In th-at in one 901-,- -ute e:mqposure of' a diuster of' galaxies,

~~ - spproxiirtely 100 galaxies may be recorded sizriltaneously under Identical
T

sty- cond~t ion~s for later 1r-zasumre. To g~ain t#e satie ammicu of' information,

a roiar-color dphoto~raphic p~hot*=.'etric syste.n *vol!'d have to be used. The

total -exostLre tir-rie w.oul- t. greater and. you vould have- the added -problemi

- thit the exposues wouPld-be taken at dif'ferent- tim-es. A disadvanta~ge is

tbo~t ýgalaies- w1hich 1have- apprecilable i~nternal structu-re -cannot be- classified

-2s460r on z ou latops. This gro-up Includes those bri her galaxies-wih r seen

-~ ed~eon.

Observations

tie -purpose of' thids D~ater -is to indicate -wlat Linfornmat-ion can- be

} gInd fc~a sud -of crossed-prlsm z,1ates- of -to Me2-studied clusters.Z

-Ruture -io~swill discuss -c~lstera that havre not beer. studied -n e.1W44ll

I serve as- sirve!s_ Ito locate interestinE gay!des for further work.

IfThe plate raterlall obtained- -for this stud~y is listed -in Trable I.

i -- ~_Crossed-Priam Plates
(Waamer ard' Sa-sey Cosa-matorl)} Plate M:.Custe Rago 192sec. Esr

-6-2 Vim -12 23 3 1 5Pn (?.Ater sensit-i1ed)I 3 1/2- 1552

- E51Cram 1-2 5?20 132 9O`(k-iat se sz-..zedN 3/41k ~6

3/1 _1__632
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7t*e pF.1axies from 7Zwij4c1,y, N!or-o, ad-_ aild -(1961) that fell- in the area

odf -our Vir,--o plates, com lete to a lirnitlim- Tra~gitude of M. 14.5 are listed

1n Table TIL q Those mlaiaies or, the list for which ..e could not obtailh a spcec-

tral index are indicated in t~he rema::ks section. Some ;a~axies were orientated

Odge-on and the stnect-rum mzs distorted so no classification could be rrade.

-These mEaxlees are noted by the t,.erm "orientation" under remmr~rs. Som~e galaxy

Im~O~es Ieetoo diff.;VFVe to classiny; these arem ifidicated by t~he ter~m "diff'use".

-Sow galaxy imif~es ,-'Ach 1w.ere insuffl-clentli, stellar MIVe because of th-e
apparent size of* ta maa are noted by th ei f~rhUs?%. In t he first

-ouýite- !"CC nzber (or if' -folloed -by- an aztervis,, th I.C. nrunicer) is

listed, 14ollowed by -the-Irinhl ascension 7nd decination -for 1950. The- 120-

niud rom-r'. Zwc7.y et al is found ifl colrurm faxr and the zm~ irdex- in

--oltum five. Similar data for t he C-ma Cluster Is P-4ven- in Table IT-1. All

-Aaaxles to ra?. -15.5 are listed ffo Zw..icky and Berzog (119563). Those

-Olaxies vathout. an, index. will be followed ki -a rema:Ok as in Table 171. Each

Alaxy mas cssie r endeti by ech author am'. the averae in-dex

was enered n thetablt-s. The- intera-21 probable error wmas+003

- I Roproduced Ife

iColor-Jra-vmitude Da -s Ibest aviib,

The color-m-t.-itude iaasfor the 'Jirgo-andA Cor-.a clusters arm zhovwn

In Figies- 2 amd&3. In these d½"am--s we have plotted our cc-.c-ite color

---- Index amain-st theR pho 6o-'anhlc m7a7,itudes !gven In. Tables II and fIII. The

Comr Cluster is a stan:!an, examle of a rezur luster while the Virgo Cluster

Is a-standard emxa-.le of anicua luster. Therefore,, scwe differnce

*drt Int e extmectid- between the two* color-.=_5-mit udzýCý diaea-.S ,o

thin can~ 1C -a. seen isIn, t~-- 7a;-.1

-blluer or -rrle tih' .r thear; color of Is !41nthe3C__ste. 7ne ds-

:rersion tin is rete fth

___ In -7ý tm ~- -==--=



J ~TABLE 2

GALAXIES INTHE V-iPGC; CLUSTER

Iloc.
__.At1950 _-_C -

433424- _07_a 12.9 3.1 _

4339 1' 1 6__ 1 13. j3.3;
'6 12 ,a 7 0 3. '02 3.19 NTI33 12 20- 0 t 0

7 14 14. o .3

43311 12 2li 1 0 29 13.5 2.*

43_52zx 1-2 _21.5 2 1-4. 13.1
3Z2A8 12 21. 63 1.2 .2

436 2 1ZV.9t735 13.5' 2.CJ

4351 122. R1 ; 1 39 12.4 31

4370 12 '.4Z7 14.1 3.15

4374 - 12 22o:;3 1! 10- 10.85 31

~~.•~9kJZ 2 S 107 1.' 3?
-12 3241 720l 14.4 FAI TOO

AflZ,12 2' i:2 05 13.*2 .19.__
436 12 _23. 1C2 i56 12. 2 3.4

4390 12 23* 10 44 13.-7 - liF~ulSE
4402 12 23.6 13 237 136 ORIENTA_ýTi ON-__
44_n6 12 23.7 13 14 10.9: 3.14

75*12- 23.5 a4 154* 2._Po9 0

4413 12 24.0 12 13.6 2.55

44512 2-4.* 1 S 4:2 14.2 - 1IFFUSE
- 441t 134W' _ ~~x 12.2 3.070-_ ---

-441.6 12 24.2 a a 1. 2.08
~44ý3 -17-2?4- - 150OT 14.4 - DIFFUSE _ _

4424 12 _2 4. 7 92 12.1 -L

4 4:: 1S -4.7 £ 0 1. ~20
4419 12124. 1' ' 14. -_o_23

44343- i-Z 24;.? 13. IUSE

44-35 13 2¾ '



44 35 12 23.2 13 21 11.9 3.37
-4440j 29. 1? 44 13.0 3.19 __

4442 12 25,5 10 0 11.2 3.17i• "~ - 44 12•7 ... 3 1307- - 0INTTO
_42-5. OR I-,e, ORIENTAT ION

4452 12 26a 12 02 1ENT4 T

4461 I -P6. :.2 25 12.O 3.17

3 o

R•aO_¶Z_ 26•.____•_ 9 12.6 3.13•

3414* 12 26-. " 0C. 14.2 D IFFLjU
4470 12 27.0 s "- ia.Q -S X"4 Ous
4472 12' 27.2 S 16 10.1 32-
4473 12 .. 3 13 .2 11.2 3o14

________ 2417,F 13 11.09 3&17
4476 12 27, 127 13.3 301C
- 270 1- 27. 11-03 1
4475 12 2 .los ±1 36 12.*2 3.25

... -,472 ' i _ '! 13. 3.13

-. •4AB212la23..I 12 1.•. 3.0 .__ ___-

4456 12 25. 'I 40 13.4 --. 1

"12 26*.4 12 03 11,02 2.65
_____ ___ R9ENT A T ICNN__

419~ 12 22.4 ,,21 14.1 3.39 14__ ____

4497 1-2 29.0 11 54 13.Z -- TIO ATlIOS N

43 12 295 -1 P
-4509 1-2 2.9,7 1.3 42 14.2 -- DiZTS i

"34Q2 1 ao 11 41 14. 3.*9

4 8 12 3 0!1.. 207 ISO" 2.12

4519- 12 31._ 5 1. 2-9 U
-4522 12 3 201 6 13.6_- O.'A0iP3u s
3499* 12 1.21 11 16 -14.5 -- ; CI EAT0

.42A 1231. 7 =5 10.60 30 9__

4525 12l 3*.6 11 36 12.9 3,9 _

4-535 12 31. S I 1 20.89

43 1221.5 4 1-ii..-3 D FIUS= ___

431 12 31.8 q 13 -- 1 1.2-0 -.3 IFFus-E

-i='>1 1? 3?0.1 7 P6 -14. - IFFUS=

- 5w12 3226~ 1. *ZA____

4550 1-2 33.0 I2 Z0 12. 3.11
-52 12 -33.1 12 =0 1101 3.20

4= -- 1

4:-64 12Icoa 36Z=



457 8 12 35.0 9 =50 12.9 .312

4580 12- 3 55 13.1 -- DIFFUSE
rv4579 12 2.__105__11. -3* 19

4 S 4 12 35-o 13 23- 14.2 3.14.
-_---4591 12 26.7 6 17 14.1 2.•l

363•* 12 27.2 13 15 14-5 2*91

4596 1i 37o4 10 27 12.4 5011

3653* 12 3=37 11 40 14.7 3.17

4621 12 3-*.5 115 10 31

__... . ._123

t

Ir ___ --



G!ZA1.,S IN THEF CO-4. CLUSTER

NoG*Cs OP

loco

"715 "a4704 2 a 5 15*4 _ 01

4- 'S Ia Z'~ 43*0 P 15. o6 3.o15
*2_4b*3 a3 3 '* 19
12 4a.5 '7 :39 1:.--- CIFFUSE

i%.:j -12 41z.7 29 4 14.9 3.20
12432 ? 2 15.o3 3.025

4745 12 43.9S 27 42 1 5.4 3.24
___-1_96 27 15 154 313

( -12 4-0-6 2?7~ 15.5 3.20C

331* 12 502 25 45 15.- -3.*29
1___ ____1-2 503.3 27 40 1 5.3 2.*857

12 5ý0.4 2 e 39 14. :k 0.2~ C
___ 12 50.7 27 2,. 1IF*- 3.14

-3222* 12Z 51o.4 246 42 5. 2

12 510'4 29 15 15.6 2. 2'

_____12 e146 27 25: 1&09 - EXTR5=14EL-Y DIZ7USE_
47087 12Z 5 1.o7 27 20 15. 30 :q::

-____ 47eS 12 e1.5 25 7 i. 21
47P-- 12 ý51 *9 27 20 13.3 .321

-~ ~ 79~3 1Z S2.2 29 12 23 .0______
1-2 52.2 2712 i.06 3.23

4798 12 52.5 27 4 1 1 o.2 3.46_____
1-z 525 2 4 5 :3.1C

12 5300 1 15.
_____1-2 53*0 Z25 44 15=z7 :3.

4S07, 12 531 2 747 14~ t 2.21

-12 ~37 2-, ~ - LT FL~

452-1 Ia51 1i5~3~



391-3* 12 554o1- 27 33 15.5 D- 1FFUSE

48271 12 54.3 27 26 14.1 3.49

835* 12 5~5 26 4.9 1.4.9 - 3 F~uSc

~L.5~.~12 54. 29' 12 -*Z 3.

- 1:2 54.8ý 29, 1 148 3.*07
12 54.8- 27 -4, 1.

12 55. 0 2~49 .1

4~~I 1 2'91 ? -: 31 OU2Lý SYST-SM- IN 61!ALC

27 55 P- 8 4-7 1_ 3*22 )U' SYSTEM ZN HA "LO

125-2 277 15.= 3.13 __

12 55* .73 -Z.,

&~ ~ a 6 1 .1

1 c-55 94 2 78 1-3.5

- - 1255.6 aL81.2CVPL.

____ 12 55. 46 27 1 1.7 3.202
48 S 12 4. 28 as 15. 3.22 F S7 7 428250283 142 *5 '1e ?-
23*12 023 06 2094 .~

12 5 503 2a3s523

12 55. 08 28 24 15. 5 3.11I
- 12 55.-4 29C 24 15.0 3.15
4S51 12 5 5. E! 25 15.2 320 OVzE-7LIP
4850 12 =-6.90 a 14 153 2.a

12 56.1 22- 1-7 15.0 3.15

- eA83 -12 zl6.2 e 7 =1 142 .1

12 56.2 2-7 22 15*3 2.15=

34*12 56. 482 56~-_ __

I
4 1 2 2. -

FA99
-- 6 -- I-



12 '56.7 27 1. .95

3959* 12 :56.7 e 3 15.2 3.27

39E57* 12 506. 5 a 156 3.0135

~4864 12 -6.8= Z s 15 14 *3 3.17

12 560.S 270 15.4 3944

12 56.5 2S 21 15.6 3.2'4

41365 12 16. 2 1 14.5 3.1IS

4a69 12 57.,7 11 14.i 3.17

3976* -12 57.5 7 1D5 32

4B73 12 57.*o15 1, 3.12

4874^ 1a 5=7.&2 14- 1 Z,7 _-023
~~399Q*12 57.10 50._3.15 ____

4872 12 57. 2- a3 153 .

43735 12 7' '1 15.6 3.25

12 57.2 2~ El 15.6 2.=--

1-2 570~ 27 151 0.18

_____ 12 5=7o-'- 157 ~6_ 3.25 _

12 57.F 2a is 15. 3.0.=

2995* 12 57.z' :- in, 15.6 3.

__ __ __ __ __ 12 5707 ___'&'*1_26_5

452 12 57m6 27 1 154.7 3016

4011 125_7.7 2- - 16 1.-06 3.01

4985ýi 12 -=7o"7 --Isa .1* 2.1
401.12 5-105 8. 31

-12 S,7.w7- 25 16 15.6 2.1

12 R7. A~ 14 i5. 3.25

- 12 39-16 6 1: zi

O5 12 52' S 4 4 '



-.. .. _. -.O.. _,-__+ • .A _ • -_ _. _ _ ._ _ __1 -o-~- S ~ --S4040* 12 =5.2 28 20 15•.1 ..205
iS 58.2 2 ;_5 10.7 1.1

4906 12 25 1 . 25 I2o1.2 3.12

2Qý1_55. 3 _ 814 eS .1

28_ 36 i5.o •.m1-

4C41* IZ .3 25 19* 1-.7 3.1e

4-45* 12 -E6*o 20 22 15*1 3.27
12.,,*4 27 40 15.- 3_ 7 4

-49-L11 5O.5 2a F 13.47 - 3037
4051* 12 5 2. I-, #B 3.. 2.13

490-. 12 B S.5 _5 9 . 3.9 9
12 0,3 25 I") 1.3 342

4 91 12 -" 14,47 3. 25

13 v -•o: d~q •+• 13.2 -7'o + g

4921,;t9 14.'i- 3.20
.92 16 1.1 2o 6 3'

"1-2 59.1 -2• 7 ' i -3 3.26
543* 1' =S 29c- 24; 1A .3

12 5904 22 a2 15.20 1
1250 25 9 15.5 3.r-4

49__ __ 5 22S_ R7 ?34.41 3.2a
4-,27 12 5 _5 25 16 14.5 .2

12 5~7 29 ?1 14.9n 3.27

12 5903 2s 4-0 15.5 3.16

13 M090 25 3 2 15.7 31
-6* --- 1:.o 3.12

13 0.3 28 3 9156 302
13 O*A 2= 7 54 3 ____ _ ____I

+-- - 411 0. 28Y; 27- - 2.... _ ..... p+ 1\L +_++

4 13 0 25 i 14.4

___-12 0.6 2A 47 3.1

49:3 ~ ~ ~ !,X 120~ 51 :2 344

194_ 3 14 - 2 1- 0
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"1- 2.0 26 56 15.2 3.11

13 -2.0 27 34 1=.1-- TOO FAINT
_49_5213_2.6.p 2 9a 3.' 3,

4957 13- 2.S 27 =0 14.2 3.19
- 13 3.*0 2 9 34 1. 3.023
4961 13 3.3 26 00 13.5 3,.2

13 3.6- 29 23 15.0 3.0 s

4966 13 3o9 29 20 1320 3.16

4•971 13 4*5 2a 4 B 15O 0 ,1 0

In- 4*8 -':5 "a li ;':, ,09CS

I1:3: 5.2 27 45 15.7 3.2 0 5

- - -1 - 2___ _____k 3-aI13 "598- 2.7 46 15*4 30 15

4i 983 13- 6.0 Is 2 14.9 3.44

-I-• - --
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j p'ater hori~eniety in imrplnoioi5cal types withiný Comm, i.e.., a lar~e pre"

-pwz~vrance of -elliptical -galaxies. Di -the Cora -Cluster, -the -briehtest, two-

mam~itudes all have abc. t the s-. clr eeas nte iroCutrth
brifoitest vaa'x.1s -a~ ni~e 'on39 o2?. -the Cont.Cluster -

the -a~ein the Index is not as 7-'eat and the scatter in the color-mararitude

diag'm-t does not appear until a-rarsitudle of 3,about 2 1/2 m-moitudes

fainter tha the bririhtest Fgalazy.

Mother feature of clusters- that cn- be studied Is the -ossible

correlation-of color mtth position -dithin. the. cluster.Thn the Virgo Cluster,

the -bluest -_adA-re:!dest ?,alaxles= did -not, -show a -breference -for aFny- part

-of-tecutr eah col-or, ;otin is scattered at rand-oni. a'G ~6,wth

An Index of-3.95, i! the-icl rdst gaa fon ofar durIns this, -survey

and woul-d be an irterestZing, qobj ect for -work- at, -a hig-her discersion. INO

seoar-ation *was -anarn -in the color-ra~iitudde dIlacram -of ralaxies- of

different nromholoF~icall It.-pe. -1h Fi~re 1 therre vas a -terndency for sp.i1ral:s

-to- fall below t~he rrean relati-on- ard ell!ioticals to fall abov e.

nh -the Cora Cluster-, as shown in FI~mre U1, the bluest m'allaxies seer.

-to be mare concent'rated t the center of t'he cluster thno the reddest

galaxkaa~. F,-%od (I9S)- has already noted thatthre is a t'a-'.dency for

the olorinde todecrease writh. decreasing lnInosity in thevr

centrtav -regie:'s- of the Com-A Cluster.

- -Wilethe- crossed-prisr. spectral Index is a coarae ireasure of color,

thev rtcx! pros zo -be use n-l as a s=uraey technique in identify'Inm tia

bluest -and- redest valax~iiec In tlhe- nearer clusters of glxe.Vr e

plaxies ra be the rult of intIE-m al & ed en"'n. on malaxies% as

q:;e _i -- I



-155
I - digras that, can be plotted fti om the= Index and a rziitud-s f'rorm the-.

SZwicky -c-atalogues giv.e an ir~dication of the type of cluster, reaular

or irreglar.
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